The symmetry and existence ranges of GaSb and AlSb (111) A and B surface reconstructions are investigated using azimuthal-scan reflection high-energy electron diffraction (ARHEED) in a molecular-beam-epitaxy (MBE) environment. ARHEED patterns of all reconstructions within the accessible MBE group V flux-substrate temperature parameter field are presented and analyzed. The transition borders are mapped out as a reference for future growth experiments. The experimental results are interpreted on the basis of general construction principles for (111) surfaces of III-V semiconductors. ARHEED allows the complete determination of the two-dimensional in-plane reciprocal lattice in a single, continuous measurement. This allows the unambiguous identification of the reconstructions on (111) surfaces where the intrinsic symmetry is masked by the 120
I. INTRODUCTION
Reflection high-energy electron diffraction (RHEED) is used routinely for in situ growth control in molecular-beam epitaxy (MBE). Instead of scanning only along planes normal to the surface, it was shown by Ino 1 and later by Braun et al. 2, 3 and Ichimiya et al. 4 that RHEED offers significantly more information when the in-plane direction along the incident beam is included. This direction is accessible through azimuthal sample rotation. Compared to the standard use of RHEED, where symmetries along the main crystallographic directions are recorded in a surface normal plane, azimuthalscan reflection high-energy electron diffraction (ARHEED) has the advantage of mapping the entire two-dimensional (2D) in-plane symmetry of the surface. It is therefore especially useful when the formation of rotated surface domains, e.g., due to twinning of the (111)-oriented layers or the formation of antiphase domains in (001)-oriented layers, reconstruction domains, or disorder complicate an unambiguous identification of the surface reconstruction.
The surfaces of III-V compound semiconductors have been studied by various experimental methods such as x-ray diffraction (XRD), 5 scanning tunneling microscopy (STM), 6, 7 photoemission spectroscopy (PES), [8] [9] [10] transmission electron diffraction (TED), 11 and low-energy electron diffraction (LEED). The majority of these efforts focused on the analysis of surface structures on (001) substrates, [12] [13] [14] [15] [16] [17] the reconstruction phase diagrams, 18, 19 and the understanding of their growth kinetics. 20 The group III-Sb(111) surfaces have not attracted that much attention so far, although the group III-Sb based semiconductors are suitable materials for device applications in near-and mid-infrared optical devices and in high-speed electronics. Their high electron mobility offers the potential for integrated magnetic sensors 21 and quantum cascade lasers. 22 Heterostructures on GaAs, 23 InP, 24 and GaSb (Refs. 25 and 26) substrates have been explored for device applications.
The (111) surface orientation has been investigated for the growth of various material combinations and shown to offer advantageous properties. For instance, the formation of antiphase domains is avoided in III-V growth on Si, 27, 28 rareearth oxides coherently grow on Si(111), 29 and the majority of nanowires typically grow along [111] on (111)-oriented substrates. 30 Since nanoscale devices may include only a few atomic layers, the influence of surface structures on the functional interfaces and ultrathin layers that are formed by crystal growth becomes crucial and needs to be investigated in advance.
In earlier works, the GaSb(111)A (2 × 2) reconstruction was prepared by argon-ion bombardment followed by sequential cycles of annealing. [31] [32] [33] This surface structure was later investigated by x-ray diffraction 34, 35 and photoemission techniques. 36 The (2 × 2) reconstruction was also prepared by interdiffusion-assisted MBE of GaSb on Sb(111) surfaces. 37 In this scheme, a Ga flux was introduced to Sb(111) substrates from effusion cells at elevated temperatures, with the Sb diffusing in from the substrate. Such experimental conditions correspond to an Sb-poor regime. At the opposite end, Sb-rich conditions can be achieved by supplying Sb to the surface. We have analyzed the stabilization of the (2 √ 3 × 2 √ 3) reconstruction on the GaSb(111)A surface by configurational entropy, as observed experimentally. 38 MBE was used for GaSb homoepitaxial growth on on-axis GaSb(001) and (111)B surfaces. 39 The GaSb(111)A and B surfaces were investigated by Dura et al. 40, 41 They investigated the surface structure by RHEED and observed the periodicity along the [110] and [112] directions. The following surface symmetries were reported: GaSb(111)A: (2 × 2), (5 × 2), and (2 × 6); GaSb(111)B: (8 × 2) and (3 × 3). To the best of our knowledge, AlSb(111) reconstructions have not been analyzed so far. The likely reason is a high reactivity of AlSb at elevated pressures. Bulk AlSb substrates are not available, since the material rapidly oxidizes in air.
The paper is organized as follows. The surface preparation technique, the Sb flux, and substrate temperature calibration procedures, as well as the buffer layer growth, are explained in Sec. II. A description of the ARHEED technique follows. The various resulting reconstructions of GaSb and AlSb on the (111)A and (111)B surface, which are achieved by variation of the Sb 4 flux and substrate temperature, are presented in Sec. III. Possible configurational arrangements on the surface are discussed on the basis of the observed surface reconstructions. Finally, the main results are summarized in Sec. IV.
II. EXPERIMENTAL DETAILS
GaSb and AlSb/GaSb(111)A and B surfaces are prepared in the Createc PHARAO MBE chamber 43 at BESSY II under ultrahigh-vacuum (UHV) conditions. The pressure in the chamber during the experiments was below 8 × 10 −10 mbar. Undoped 1-mm-thick 2-in. GaSb (111)A and B wafers from Wafer Technology LTD were used, cut into quarters and loaded into the load-lock chamber. An intermediate preparation chamber serves to further clean the samples in a second outgassing step. Deposition is performed using an Al cold lip effusion cell, a Ga hot lip effusion cell, and a (noncracking) Sb hot lip effusion cell. Control of the growth as well as the surface scattering experiments were done using RHEED. The RHEED gun was operated at an electron energy of 20 keV and a filament current of 2 A. A standard phosphorus screen is imaged by a charge-coupled device (CCD) camera with a resolution of 640 × 480 pixels 2 and 12-bit dynamic range. The resulting images are processed by a digital image acquisition RHEED system.
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A. Substrate temperature and cell calibration
Special attention needs to be given to the calibration of the Sb 4 fluxes and the substrate temperature to ensure reproducible surface preparation and epitaxial growth. The substrate is heated by a resistive wire heater a few mm away and the substrate temperature is measured by a noncontact thermocouple. The estimated intrinsic accuracy of the temperature measurement is ±50 K.
To improve this value, three calibration points are introduced: the Sb crystallization temperature at 222
• C, Sb desorption at 255
• C, and oxide desorption at 450 • C. These calibration points vary from sample to sample with a reproducibility of ± 5 K.
To calibrate the Sb 4 flux, Sb is deposited on Si for 60 min at room temperature with six different Sb 4 effusion cell temperatures. The thicknesses and densities of the grown layers are then determined by x-ray reflectivity. Each layer thickness is verified by scanning electron microscopy (SEM) on the cleaved edge. The variation of the Sb growth rate with effusion cell temperature is determined by assuming a Sb sticking coefficient of one at room temperature. 45 The experimental data points and the Arrhenius fit of these values are given in Fig. 1 . The two calibration curves in Fig. 1 are determined five months apart and the shift of the curves is caused by the depletion of the Sb 4 effusion cell. The data set 1 calibration is used in this work. 
B. Oxide desorption and surface smoothing
To prepare a smooth surface, the native oxide is desorbed and a smooth buffer layer is grown on the GaSb(111)A and B surface. At first, the substrate is loaded into the load-lock chamber and outgassed for 10 min at 150
• C at a pressure of 6 × 10 −8 mbar. Then, the sample is transferred to the preparation chamber and heated for 30 min at 350
• C at a pressure of 6 × 10 −10 mbar. Next, the sample is introduced into the growth chamber, at which stage RHEED produces the pattern shown in Fig. 2(a) .
Maintaining a constant Sb 4 flux of 1.4 × 10 13 Sb 4 molecules s −1 cm −2 , the sample is heated from room temperature to 400
• C at a rate of 0.2 • C/s while being monitored by RHEED. The following patterns are distinguished. Up to 255
• C substrate temperature, a polycrystalline Sb layer is formed, indicated by rings in the diffraction pattern [ Fig. 2(b) ]. With increasing substrate temperature, Sb desorbs from the surface and the amorphous native oxide appears [ Fig. 2(c) ]. Increasing the substrate temperature further at a • C, (c) amorphous pattern at 400
• C, (d) beginning oxide desorption at 450
• C, (e) after annealing for 20 min at 470
• C, and (f) after buffer layer growth at 400
• C. The smooth surface with large atomically flat terraces is confirmed by atomic force microscopy (AFM) images as shown in Fig. 3 for the GaSb(111)A and B surfaces. Ambient AFM measurements on the AlSb surfaces cannot be carried out since AlSb quickly oxidizes under atmospheric conditions.
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C. ARHEED
To obtain a two-dimensional (2D) in-plane reciprocal space map from a surface, it is necessary to take sequential images while continuously rotating the substrate at constant speed. The ARHEED technique is explained in detail elsewhere. [1] [2] [3] 46, 47 As a demonstration of the resolution of the method, the construction of a narrow sector of an azimuthal scan is shown in Fig. 4 . The complete data for this sample are shown in Fig. 6(a) .
The RHEED patterns shown in Figs • to 150
• . In the corresponding polar plots, the measured sector is shifted sideways from the rest of the pattern. To reconstruct the full 360
• pattern, copies of the measured patterns are rotated according to the surface unit-cell symmetry. All observed reconstructions obey the threefold rotation symmetry of the substrate. Stationary RHEED patterns along the [112] and [110] incident directions are included for each reconstruction as well.
III. RESULTS AND DISCUSSION
In the present section, the different observed steady-state surface reconstructions of GaSb and AlSb/GaSb(111) surfaces with A and B orientation as a function of Sb 4 flux and substrate temperature are presented. The border lines of the surface reconstruction transition are determined and given in reconstruction phase diagrams.
A. GaSb(111) A and B
For the GaSb(111)A surface, two reconstructions can be identified, which are summarized in the reconstruction phase diagram of Fig. 5 : a low-temperature (12 × 1) (Fig. 6 ) and a high-temperature (2 (Fig. 7) . The low-temperature reconstruction is stable from room temperature up to 300
• C without Sb flux. The reconstruction phase transition occurs between 300 and 340
• C depending on the Sb 4 flux. We find that all the observed phase boundaries do not significantly shift whether we measure during heating or cooling. Such a shift could be due to floating Sb on the surface that modifies the surface reconstructions and is then desorbed at higher surface temperatures. Such a hysteresis of surface reconstructions is reported on InAs(001) (Refs. 48 and 49) and GaAs(001) (Ref. 50) surfaces and was explained due to the miscut of the substrate and the Sb 4 flux.
The previously reported GaSb(111)A (2 × 2) reconstruction 5 is not observed under Sb-rich conditions. However, a clear (2 × 2) diffraction pattern is measured under Ga-rich conditions achieved by opening the Ga shutter with a Ga-to-Sb flux ratio of approximately 1. The reported (2 × 2) reconstruction may be stable when prepared by sputtering without Sb pressure, possibly leading to an Sb-deficient surface. On the other hand, an Sb background pressure in our chamber may hinder the formation of the (2 × 2) reconstruction.
To analyze the full symmetry of the surface, ARHEED scans are measured for each surface reconstruction. Figure 6(a) shows the in-plane directions for the scans in this paper. The ARHEED pattern of the (12 × 1) reconstruction is given in Fig. 6(b) . In Fig. 6(c) 40, 41 We find that the fractional-order rods lie on a 12× grid. Two distances are present in Fig. 6(d): d 1 = 1/4 is the distance between the integer-order rod and its neighboring fractionalorder rod, and d 2 = 1/6 is the distance between the fractionalorder rods themselves. Thus, the positions of the fractionalorder rods are (3h/12, 0), (5h/12, 0), (7h/12, 0), and (9h/12, 0), where h is an integer number. The relative coordinates of these positions do not depend on substrate temperature or Sb 4 flux. The (1h/12, 0), (2h/12, 0), (4h/12, 0), (8h/12, 0), (10h/12, 0), and (11h/12, 0) streaks are smeared out in the diffraction pattern. The intensity of these streaks could be suppressed due to one-dimensional disorder along the surface similar to the GaAs(001) β2(2 × 4) and GaSb(001) (4 × 3) reconstructions, 51 but most probably due to the structure itself. Nevertheless, after a remeasuring of the diffraction pattern with a digital high-resolution RHEED camera system (1392 × 1024 pixels 2 ), all 12 × reflections are found. The RHEED patterns for both low and high resolution are included in the supplemental material for this paper. 52 A weak 2 × periodicity is present in Fig. 6(d) . This is not due to an intrinsic (1/2, 1/2) peak, but is a projection of the 12 × periodicity along the [110] incidence direction due to the threefold-rotated domain structure. The origin of this apparent 2 × periodicity is labeled with an arrow in Figs. 6(b) and 6(d). This conclusion can be derived from the complete symmetry of the reciprocal lattice obtained in the measurement. To construct the superposition, the (12 × 1) and (12 × 2) patterns are simulated with and without rotated domains using the software package LEEDPad. 53 The results are shown in Figs. 6(e)-6(h). The origin of the 2 × periodicity is the rotated 12 × azimuth of the (12 × 1) reconstruction. A (12 × 2) reconstruction with the correspondingly rotated diffraction pattern would result in a 4 × periodicity along the [110] incident direction.
The low background level in the RHEED measurement of the (2 √ 3 × 2 √ 3) reconstruction in Fig. 7 together with the bright and well-defined Laue circle spots on the RHEED pattern are characteristic of a smooth surface, while the higher background level of the (12 × 1) reconstruction (Fig. 6) indicates a higher level of disorder on the surface. In addition, a bright fractional-order rod is visible at the (1/2, 1/2) position in the RHEED pattern along the [112] incident direction [ Fig. 7(c) ], which is caused by an overlay of (2 √ 3×2 √ 3) and (2 × 2) reconstruction patterns. Our analysis of the thermodynamic equilibrium behavior of the GaSb(111)A surface on the basis of density-functional calculations has shown that the observed RHEED pattern originates from various (2 √ 3 × 2 √ 3) reconstructions, which are stabilized by configurational entropy. 38 At elevated temperatures they coexist in equilibrium with the low-energy (2 × 2) reconstruction, and their concentration ratio can be influenced by the substrate temperature. The coexistence of (2 × 2) and (2 √ 3 × 2 √ 3) domains was observed also by Nishizawa et al. 54 by STM on InSb(111)A surfaces.
At 480
• C, the RHEED pattern changes abruptly from the (2 √ 3 × 2 √ 3) to a diffuse (1 × 1) symmetry. In the temperature range T sub > 480
• C, AFM measurements show a very rough surface with hillocks and droplet formation independent of the Sb 4 flux. However, at a lower substrate temperature (T sub < 480
• C), the surface is Sb-rich arising from the remaining Sb background pressure of the growth chamber. Therefore, the surface is stabilized by Sb and the resulting surface structures are the (12 × 1) and (2 √ 3 × 2 √ 3) reconstructions. The reported (2 × 6) reconstruction 40, 41 is reinterpreted due to our ARHEED measurement as a (2 √ 3 × 2 √ 3) reconstruction. The corresponding (2 √ 3 × 2 √ 3) unit cell is labeled with a small rhombus in Fig. 7(a) .
The GaSb(111)B surface displays an (8 × 1) diffraction pattern after the oxide desorption process. It is stable within the entire Sb 4 Similar to the GaSb(111)A (12 × 1) reconstruction, a 2 × periodicity along the [112] incident direction is observed for the GaSb(111)B (8 × 1) under Sb-rich conditions. The position is marked by an arrow in Fig. 8(a) . In addition, we observe an intensity variation in the fractional-order rods of the (8 × 
B. AlSb(111) A and B
AlSb has been demonstrated to be an efficient buffer layer for heteroepitaxial growth on Si(001) (Refs. 55 and 56) or GaAs(001). 57 The shorter diffusion length of Al atoms compared to Ga seems to help in confining a larger number of relaxation-related defects at the heterointerface. To investigate the surface reconstructions of the AlSb(111) A and B surfaces, we have grown AlSb layers on GaSb(111) by MBE. Due to the rapid oxidation of AlSb in air, the reconstruction can only be investigated in situ under ultrahigh-vacuum conditions.
In earlier works, lattice-mismatch-related strain was studied with respect to its possible effects on the surface reconstructions by density-functional theory on InAs(001). 58 No significant differences in the reconstructions were found, although the stability region shifted in terms of flux and temperature. 58 We therefore neglect possible strain effects due to AlSb/GaSb heteroepitaxial growth, since there is only a small lattice mismatch of 0.7%. 59 The AlSb layer thickness used in this study is varied between 20 and 60 nm. For any of these values, identical surface reconstructions are observed. There is a tendency of Ga segregating into the overgrown layer on substrates such as GaAs, GaP, and GaSb. 60 Quantitatively, it was shown that the Ga surface concentration is below 1% after the deposition of 10 ML AlAs on GaAs or AlSb and InAs on GaSb, respectively. [61] [62] [63] [64] We therefore neglect segregation effects in the present study.
In the reconstruction phase diagram of AlSb(111)A, four reconstructions are present (Fig. 9) . Two (2 √ 3 × 2 √ 3) reconstructions exist, one below 330
• C (Fig. 10) and one above 380
• C (Fig. 13) . In addition, a (7 × 1) (Fig. 11 ) and a diffuse (2 × 1) (Fig. 12) In contrast to the GaSb(111)A (2 √ 3 × 2 √ 3) reconstruction, the low-temperature AlSb(111)A (2 √ 3 × 2 √ 3) reconstruction does not show stronger 2 × reflections. There are no significant fractional-order intensities at the (3h/6,0) position along the [112] [ Fig. 10(c) ] incident direction and their symmetry-equivalent directions. The azimuthal scan reveals a high background level, which is an indication for surface disorder at these low temperatures.
For the AlSb(111)A (7 × 1) reconstruction, the fractionalorder rods along the [110] incident direction [ Fig. 11(b) ] are marked by short lines. A measurement of their positions confirms that all rods have the exact 7 × period. There is no disorder or superperiod like in the GaSb(111)A (12×1) reconstruction. Just as on the GaSb(111) surfaces, the 2 × periodicity along the [112] incident direction originates from the 120
• -rotated diffraction pattern of the (7 × 1) reconstruction and is labeled with an arrow in Fig. 11(a) . Figure 12 presents the diffuse (2 × 1) reconstruction. The scans were measured at 400
• C substrate temperature. The transition temperature from the diffuse (2 × 1) to the hightemperature (2 √ 3 × 2 √ 3) reconstruction ranges from 380 to 450
• C depending on the Sb 4 flux. Compared to the lowtemperature (2 √ 3 × 2 √ 3) reconstruction, the signal-to-noise ratio is higher. The high-temperature 2 √ 3 reconstruction is more ordered then the low-temperature 2 √ 3 reconstruction. To confirm our conclusions, a detailed real-space structure analysis would be appropriate by in situ x-ray surface diffraction or STM/AFM measurements.
Similar to the GaSb(111)A (2 √ 3 × 2 √ 3) reconstruction, a bright fractional-order rod with superimposed intensities at (3h/6, 0) is visible along the [110] incident direction in Fig. 13(c) for the high-temperature AlSb(111)A (2 √ 3 × 2 √ 3) reconstruction. A (2 × 2) reconstruction could also be present besides the high-temperature (2 √ 3 × 2 √ 3) reconstruction. While ramping the substrate temperature with a rate of 0.1 K/s, the (2 √ 3 × 2 √ 3) reconstruction changes to a (1 × 1) reconstruction at a substrate temperature of around 480
• C, similar to the GaSb(111)A and B surfaces.
The AlSb(111)B surface only has a single (2 × 2) reconstruction in the accessible range of MBE substrate temperatures and Sb 4 fluxes. Without a quantitative analysis by RHEED, it is difficult to distinguish between a (2 × 2) and a (2 × 1) reconstruction with rotated domains. The diffraction peaks of both reconstructions are superimposed. Only the peak intensities and/or shapes of the peaks may differ for these reconstructions. of (2 × 2) peak intensities and is observed from room temperature up to 480
• C substrate temperature, where the RHEED pattern changes to the (1 × 1) symmetry. Changes in the Sb 4 flux do not affect the (2 × 2) diffraction pattern. Due to oxidation of AlSb, we are not able to investigate the surface morphology of the grown layers by ex situ methods like AFM and/or SEM.
C. Structure model building principles
In this section, we consider reconstructions based on our experimental results by applying the electron counting rule (ECR), 65 which is obeyed by the vast majority of stable III-V semiconductor surfaces with a few exceptions, such as GaN. 66 To fulfill the ECR, dangling bonds of group V atoms at the surface are filled with electrons since their energetic position is typically below the Fermi energy close to the top of the bulk valence-band maximum. In contrast, the group III dangling bonds have to be empty since they are energetically above the Fermi energy. Therefore, the resulting surface band structure would be semiconducting when fulfilling the ECR. The surface energy is influenced by the necessary charge transfer, which leads to changes in the electrostatic interactions and the strain introduced due to rebonding of the atoms at the surface. The stable reconstructions on both orientations of (111) III-V semiconductor surfaces fulfill the ECR, with a few exceptions like GaN. 66 They share a common set of structural motifs from which the reconstructions are built. 67 On the basis of the experimentally observed symmetries, one can construct models of possible surface structures combining these structural motifs under the ECR constraint. This will be carried out in the following. These considerations are also transferable to other (111)A and (111)B surfaces. Table I lists structural motifs of known stable reconstructions found on (111)A surfaces. 67 They differ in the size s i expressed in the number of the occupied (1 × 1) surface unit cells and the number of excess electrons l i to fulfill the ECR. As an example, the standard Ga-terminated (1 × 1) cell has a size of one (1 × 1) unit cell and an ECR excess of 3/4 electrons due to the single Ga dangling bond, which should be empty to satisfy the ECR. Reconstructions can now be characterized by the size N x × N y of their unit cell and the number of occurrences n i (i = a, . . . ,e) of the motifs (see Fig. 15 ). With this, two constraints can be derived. The first one is defined by the fact that the total number of occupied (1 × 1) cells, i.e., the sum over the products of motif occurrence n i and size s i , has to be identical to the surface unit cell size,
Second, to fulfill the ECR, the sum over all excess electrons needs to be zero,
Using explicitly the values from Table I N x × N y . Since only positive integer numbers are allowed, only unit cells with a size of a multiple of four (1 × 1) unit cells can fulfill this requirement. All observed reconstructions are compatible with this rule, with one exception: the (7 × 1) reconstruction observed on the AlSb(111)A surface. A possible explanation could be disorder due to unit-cell shifts, which hide the full symmetry of the unit cell. Furthermore, the above analysis allows the determination of possible motif combinations, e.g., as input for first-principles calculations. For instance, it follows also from the above equation that at least one of n b , n c , or n d needs to be greater than zero. In other words, every unit cell, to fulfill electron counting, contains either a group V adatom, a group V trimer, or a group III vacancy. It is straightforward to derive further requirements for the combination of the motifs. In a similar way as for the (111)A surface, the corresponding structural motifs as well as their size and excess electrons for the (111)B surface are listed in Table II . By analogy, we get 4 (n b + n c + n d + n e ) = N x × N y since everything is identical with the exception of the sign and the additional motif (e), which in its properties is identical to (c). The conclusions drawn for the (111)A surface, therefore, apply here as well. All observed symmetries on (111)B reconstructions fulfill this requirement.
IV. SUMMARY
We have investigated the stability ranges and surface symmetries of GaSb and AlSb (111)A and (111)B surface reconstructions prepared by MBE. To this end, planar cuts through reciprocal space parallel to the surface were performed in situ by azimuthal scan RHEED (ARHEED). Under different Sb 4 fluxes, we observed two GaSb(111)A, one GaSb(111)B, four AlSb(111)A, and one AlSb(111)B reconstruction as a function of substrate temperature.
The stationary RHEED and ARHEED scans of the GaSb and AlSb(111) surfaces demonstrate that all reconstructions have a threefold symmetry. The GaSb(111)A (12 × 1), GaSb(111)B (8 × 1), AlSb(111)A (7 × 1), and AlSb(111)A (2 × 1) reconstructions consist of three domains. In addition, these reconstructions may contain disordered structure motifs. We have shown that the 2 × periodicity along the [112] incident direction corresponds to a projection of diffraction intensity streak shoulders along the [110] incident direction. Stationary RHEED alone would not be sufficient to draw this conclusion.
An unambiguous exclusion of the (2 × 2) reconstruction coexisting with the (2 √ 3 × 2 √ 3) reconstruction is not possible based on qualitative RHEED measurements. Therefore, additional experiments like STM or in situ x-ray diffraction are required to resolve this open question. The present study has shown that the reported GaSb(111)A (5 × 2) reconstruction actually is a (12 × 1) reconstruction. Under Ga-rich conditions, a (2 × 2) on GaSb(111)A, a (3 × 3) on GaSb(111)B, and a (2 × 2) reconstruction appears on both the AlSb(111)A and (111)B surfaces. Since significant differences exist in the stable reconstruction symmetries, the results can serve as a basis to determine the (111) surface polarity as well as possible polarity inversions in heteroepitaxial growth. All observed surface reconstructions are consistent with possible structure models derived by applying the electron counting rule with known motifs with a single exception: the (7 × 1) reconstruction observed on the AlSb(111)A surface.
